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Background: Papillary thyroid microcarcinoma (PTMC) is defined as a papillary
carcinoma measuring < 10 mm. The current management of PTMC has become
more conservative; however, there are high-risk tumor features that can be revealed
only postoperatively. For thyroid cancer, BRAF mutations and somatic copy number
variation (CNV) are the most common genetic events. Molecular testing may
contribute to clinical decision-making by molecular risk stratification, for example
predicting lymph node (LN) metastasis. Here, we build a risk stratification model
based on molecular profiling of thyroid fine needle aspiration (FNA) washout DNA
(WDNA) for the differential diagnosis of thyroid nodules.

Methods: Fifty-eight patients were recruited, FNA wDNA samples were
analyzed using CNV profiling through low-coverage whole genome
sequencing (LC-WGS) and BRAF mutation was analyzed using quantitative
PCR. FNA pathology was reported as a Bethesda System for Reporting Thyroid
Cytopathology (BSRTC) score. Ultrasound examination produced a Thyroid
Imaging Reporting and Data System (TIRADS) score.

Results: In total, 37 (63.8%) patients with a TIRADS score of 4A, 13 (22.4%)
patients with a TIRADS score of 4B, and 8 (13.8%) patients with a TIRADS score
of 4C were recruited after ultrasound examination. All patients underwent FNA
with wDNA profiling. CNVs were identified in 17 (29.3%) patients. CNVs were
frequent in patients with a BSRTC score of V or VI, including eight (47.1%)
patients with a score of VI and five (29.4%) with a score of V, but not in patients
with a score of IlI, Il, or | (0%). BRAF mutation was not significantly correlated
with BSRTC score. LN metastasis was found more frequently in CNV-positive
(CNV+) than in CNV-negative (CNV-) patients (85.7% vs. 34.6%, odds
ratio = 11.33, p = 0.002). In total, three molecular subtypes of thyroid
nodules were identified in this study: 1) CNV+, 2) CNV- and BRAF positive
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(BRAF+), and 3) CNV— and BRAF negative (BRAF-). For the CNV+ subtype, 10
(83.3%) lesions with LN metastasis were found, including four (100%) small
lesions (i.e. < 5 mm). For the CNV- and BRAF+ nodules, LN metastases were
detected in only seven (60.0%) larger tumors (i.e. > 5 mm). For CNV- and
BRAF—- tumors, LN metastasis was also frequently found in larger tumors only.

Conclusions: It is feasible to identify high-risk LN metastasis thyroid cancer from
FNA washout samples preoperatively using wDNA CNV profiling using LC-WGS.
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Introduction

Thyroid cancer is the most common malignant tumor in the
endocrine system and in head and neck tumors (1). In recent years,
the incidence of thyroid cancer has increased rapidly throughout
the world, and the percentage of papillary thyroid microcarcinoma
(PTMC) has presented the most growth and the fastest increase, but
its mortality rate has remain stable (2). PTMC is defined by the
WHO as papillary carcinoma of the thyroid measuring < 10 mm
(3). Most PTMCs are indolent and rarely develop into clinically
significant thyroid cancer, and some are even asymptomatic for life;
however, a small proportion of PTMCs are associated with highly
aggressive features, and local invasion, lymph node (LN) metastasis,
or distant metastases may occur at an early stage (4). Currently,
treatment of PTMC can be controversial, focusing mainly on the
necessity and scope of surgery. In accordance with guidelines issued
by the American Thyroid Association in 2015, patients with low-
risk PTMC are recommended to choose active surveillance (AS)
rather than surgical treatment (5). The consensus statement on
PTMC (2016) formulated by the Chinese Association of Thyroid
Oncology (CATO) recommended that the need for surgical
treatment of PTMC should be based on a preoperative risk
assessment. For patients with low levels of psychological stress
and no obvious risk factors (e.g. LN metastasis, high-risk molecular
subtypes, family history, radiation exposure history, pathological
high-risk subtypes), timely follow-up can replace surgery (6).
However, the description of high-risk molecular subtypes in the
statement remains unclear.

Fine needle aspiration (FNA) guided by ultrasonography has
been used to obtain samples of thyroid neoplasms to prepare
cytology smears for several decades (7, 8). FNA is the most
accurate examination method for preoperative diagnosis of
thyroid cancer and has been routinely used in clinical practice
(9). However, by comparison with histopathology, about 10%-
40% of thyroid cancer remains indeterminate using FNA (10). In
the past 5-10 years, as the understanding of the molecular
mechanisms underlying thyroid cancer has increased, several
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biomarkers have been developed for the diagnosis of thyroid
cancer, including RET/PTC, RAS, and BRAF mutations (11). For
example, since the early 2000s the BRAF gene mutation has been
widely used as a hot diagnostic and prognostic marker for
thyroid cancer in clinical practice, and the BRAF mutation test
has been shown to improve diagnostic sensitivity to thyroid
cancer (12). However, the BRAFV*°F mutation occurs in only
50%-70% of papillary thyroid carcinomas (PTCs), and BRAF
mutations can distinguish between only benign neoplasm and
malignant thyroid tumors at present, but there is a lack of
evidence supporting the correlation between the BRAF mutation
and the malignancy of thyroid cancer (13). In addition, most of
the studies involved in the current literature used postoperatively
histological specimens for gene testing, which could not provide
appropriate guidance for the surgical management of patients.
Chromosomal instability (CIN), which was first proposed by
Boveri nearly a century ago, refers to changes in chromosome
number and structural aberrations caused by errors in chromosome
separation in tumor cells during mitosis and was considered a
hallmark of cancer (14). CIN is prevalent in various tumor types
and is a manifestation of heterogeneity within tumors. In addition,
CIN has been associated with metastasis, drug resistance, and poor
prognosis in a wide range of cancers (15). Studies have shown that
CIN is also common in thyroid cancer, including chromosomal
rearrangement, copy number variations, and focal amplifications.
Recent studies have shown that different types of thyroid cancer
have chromosome copy number abnormalities, manifested as loss
of heterozygosity (LOH), and chromosome 9p, 13p, and 22q LOH
frequently occurs in thyroid tumor tissues, accounting for
approximately 40% of cases (16). Patients with poorly
differentiated thyroid cancer mostly have chromosomal
abnormalities and loss of chromosome 9 copy number, and the
2-year survival rate is< 30% (17). In recent years, next-generation
sequencing and analysis methods have greatly promoted the
identification and cataloging of somatic cell copy number
variations (CNVs), providing new possibilities to better detect
dynamic changes of CIN (18). Scheinin et al. developed a low-
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coverage whole genome sequencing (LC-WGS) assay, which is a
simple, economical, and reliable CNV identification technique (19).

The present study investigated the incidence of CIN in FNA
washout samples from thyroid nodules. In addition, we
investigated the significance of CIN in washout samples for
the diagnosis of thyroid carcinoma.

Methods

Patient characteristics and
ethics statement

A cohort study was conducted involving 58 patients with
thyroid nodules (Table 1), with the approval of an ethics
committee (approval number 2021-K006) and the informed
consent of all patients. Informed consent was obtained from

TABLE 1 Patient characteristics.

Parameter Subtype
Gender Male
Female
Age (years) <45
> 45
CNV Negative
Positive
BRAFV600E_washout Negative
Positive
BRAFV600E_tissue Negative
Positive
Clinical Pathology Benign
PTC
Udx
Lymph node Negative
Metastasis
TIRADS 4a
4b
4c
Thyroid nodule size (mm) (ultrasound) <5
5-10
> 10
BSRTC VI
\%
III
/1
Multi_foci 1
>1
Tumor size (mm) <5
>5
ETE Negative
Positive

10.3389/fendo.2022.888072

every patient prior to clinical trial participation. All patients
underwent fine needle aspiration biopsy (FNAB) sampling at
admission to identify aberrations and cytology of the chromosomes.

DNA extraction

The washout samples were centrifuged at a g-force of 300g for
10 min, and the washout DNA (WDNA) was isolated using a
QIAGEN (Hilden, Germany) circulating nucleic acid kit.

Low-coverage whole
genome sequencing

LC-WGS was carried out as previously described (20).
Libraries were prepared using the KAPA HyperPrep Kit

Frequency Percentage
11 19.0
47 81.0
28 483
30 51.7
41 70.7
17 293
26 44.8
32 55.2
24 414
34 58.6
15 25.9
40 69.0
3 52
19 475
21 52.5
37 63.8
13 224
8 138
5 8.6
31 53.4
22 37.9
15 25.9
19 328
6 10.3
18 310
29 72.5
11 27.5
14 35.0
26 65.0
37 92.5
3 7.5

CNV, copy number variation; PTC, papillary thyroid cancer; Udx, undiagnostic; TIRADS, Thyroid Imaging Reporting and Data System; BSRTC, Bethesda System for Reporting Thyroid

Cytopathology; ETE, extrathyroidal extension.
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(Roche, Basil, Switzerland) with custom adapters [Integrated
DNA Technologies (IDT) and Broad Institute], starting with 3-
20 ng of cell-free DNA input (median 5 ng), or approximately
1,000-7,000 haploid genome equivalents, for low-pass whole
genome sequencing. Up to 22 libraries were pooled and
sequenced using 150-bp pair-end runs over 1 x lane on a
HiSeq X Ten (Illumina Inc., San Diego, CA, USA). Segment
copy numbers were derived using a customized workflow
ultrasensitive chromosomal aneuploidy detector (UCAD). The
sample was excluded if the median absolute deviation of copy
ratios (log, ratio) between adjacent bins, genome-wide, was 0.38,
suggesting poor-quality sequence data.

BRAFY6°E amplification refractory
mutation system assay

Analysis of the BRAF""F mutation was performed using an
amplification refractory mutation system, that is, using a BRAF Gene
V600E Diagnostic kit (AmoyDx, Xiamen, China) on a real-time PCR
system in accordance with the manufacturer’s instructions.

Statistical analyses and data visualization

The wDNA was isolated and sequenced using a HiSeq X
Ten. At least 10 paired-end reads were collected per sample. The
sequences were then aligned to the human reference genome
hg19. The genomic coverage and depth were calculated using the
Samtools software package (20). The average coverage was
calculated for each 200k bin. Data were normalized by z-score
transformation using the following formula:

coverage,,, — mean(coveragewmmls’ raw)

Coverage ormalized = d
stdev (coveragecommls, raw)

(Formula 1)

Significant genomic breakpoints and CNVs were identified
using the circula binary segmentation algorithm in the R
package “DNACopy” (21). A p-value of< 0.05 was considered
statistically significant. The chi-squared test was used to analyze
categorical variables. All statistical analyses were performed by
SPSS software (version 17.0). The proportional trend test was
used to analyze the correlation between positive UCAD
screening and clinicopathological parameters. Data were
presented as mean and standard deviations, median and
quartile ranges, and hazard ratios or odds ratios (ORs) with
95% CIs. Missing data were deleted from the analysis. All
analyses were performed using R software, version 3.4.3. The
anonymized data and the R code used for statistical analysis can
be provided on request.
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Results
Patient characteristics

At the time of manuscript preparation, 58 patients with
potentially malignant tumors according to an ultrasound
examination Thyroid Imaging Reporting and Data System
(TIRADS) score of 4 (i.e. 4A, 4B, 4C), and who had a
clinician’s recommendation for and whom had consented to
FNAB, were recruited. Among the 58 patients, 47 (81.0%) were
women and 11 (19.0%) were men; 37 (63.8%) had a TIRADS
score of 4A, 13 (22.4%) a TIRADS score of 4B, and eight (13.8%)
a TIRADS score of 4C. The numbers of patients with thyroid
nodule sizes measuring < 5 mm, 5 mm-10 mm, and > 10 mm
were five (8.6%), 31 (53.4%), and 22 (37.9%), respectively. The
specific malignant indications of recruited patients evaluated by
ultrasound as shown in sTable 1, including hypoechogenicity,
irregular margins, calcifications and taller-than-wider shape.
Furthermore, 11 (19.0%) patients with multiple lesions
were identified. The tumor size was also measured in patients
who underwent surgery. The STARD (Standards for the
Reporting of Diagnostic Accuracy Studies) flow diagram is
shown in Figure 1.

Cytology reports of fine
needle aspirations

All patients were further investigated using fine needle
investigations. Fifteen (25.9%) patients were reported as
having a Bethesda System for Reporting Thyroid
Cytopathology (BSRTC) score of VI, 19 (32.8%) patients with
a BSRTC score of V, and six (10.3%) patients with a BSRTC
score of III. The remaining 18 (31.0%) patients were reported as
having a BSRTC score of I/II (Table 1).

Pathological reports

As shown in Table 2, 40 patients underwent surgical
treatment, including all 15 (100%) patients who had a BSRTC
score of VI, 17 out of the 19 (89.5%) patients who had a BSRTC
score of V, and three out of the six (50%) patients who had a
BSRTC score of IIT (Table 2). All patients were confirmed with
malignancy after pathological examinations. Five out of the 18
(27.8%) patients who had a BSRTC score of I/II also underwent
surgical treatment. In addition, three out of 40 (7.5%) patients
were confirmed with extrathyroidal extension (ETE): two
patients with a BSRTC score of VI and one patient with a
BSRTC score of III.
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patients recurited
ultrasound examinations TIRADS 4 (4A,4B,4C)
N=58
Fine-needle aspiration Biopsy(FNAB)
N=58
FNAB washout DNA
LC-WGS/BRAF mutaion
N=58
CNV+ CNV- /BARF+ CNV+/BRAF-
N=17 N=22 N=19
[ | ﬁl;\ :
UDx PTC Benign PTC PTC Benign
N=3 N=14 N=2 N=20 N=6 N=13
FIGURE 1

The STARD flowchart for participant recruitment.

Washout cells showed high-consistency
BRAFY69% mutations status with
matched tissue

As shown in Table 3, of the 54 samples with wDNA and
tissue DNA matching available, high levels of consistency of
BRAF mutations were found. The FNA washout predicted 31 out
of 34 (91.2%) BRAF mutations. Furthermore, wDNA revealed
one additional BRAF mutation. The overall consistency between
washout and matched tissue was 93.1%.

Washout cells showed copy
number variations

Chromosomal aberrations were frequently identified on
chromosomes 22 and 17. Chr22q deletions were present in 11
(19.0%) samples. Chromosome 17 gains were identified in three
(5.2%) samples. In patients who underwent surgery, all patients
with deletion of chr22q were diagnosed with PTC. All
chromosome 17 gains were among patients with a BSRTC
score of II. In patients with chromosome 17 gains, gains

TABLE 2 Pathology findings for different BSRTC score patient groups.

continued to be observed during the follow-up period. No
pathological examinations were reported.

Frequent CNVs were found in patients with a higher BSRTC
score, including eight (53.3%) patients with a score of VI and five
(26.3%) patients with a score of V. Fewer chromosomal copy number
changes were identified in patients with a score of I (0/6 = 0%) or I/IT
(3/18 = 16.7%). The results indicate that chromosomal instabilities
may be associated with tumor aggressiveness (Figure 2).

The adding of washout copy number
variations profiling increased
detection sensitivity

As shown in Table 4, BRAFV*’E mutations were found in
55.2% and 58.0% of the samples in our dataset and The Cancer
Genome Atlas (TCGA) dataset, respectively. Somatic copy
number alterations (SCNAs) were found in 29.3% and 16.1%
samples in our dataset and of the TCGA PTC dataset,
respectively. The addition of SCNA increases the detection
positive rate to 62.1% and 65.1% for our dataset and the
TGCA PTC dataset, respectively.

BSRTGC, n (%)

VI \% 111
Clinical pathology PTC 15 (100) 17 (89.5) 3 (50)
No Surgery 0 (0) 2 (10.5) 3 (50) 13 (72.2)
Frontiers in Endocrinology 05

Total, n (%)
II/1

5(27.8)
18 (31.0)

40 (69.0)
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TABLE 3 Comparison between washout and matched tumor tissues.

10.3389/fendo.2022.888072

BRAF"*"’%_washout Percentage
Mutated Wild type
BRAF*** _tissue Mutated 31 3 91.2
Wild type 1 23 95.8
Overall percentage 93.1

Variations in copy humber and tumor
size correlated with lymph node
metastasis in papillary thyroid carcinoma

It is difficult to determine preoperative LN metastasis of PTC
in clinical practice. As shown in Table 5, we found that the CNV
was statistically correlated with LN metastasis [p = 0.002,
OR = 11.33 (95% CI 2.07 to 62.11]). The tumor size was also
correlated with LN metastasis [p = 0.026, OR = 4.72 (95% CI
1.15 to 19.41]). However, there was no significant correlation
between the BRAF mutation, ETE, and LN metastasis [p = 0.689,
OR =1.6 (95% CI 0.31 to 8.30) and p = 0.614, OR = 1.90 (95% CI
0.16 to 22.75), respectively].

The receiver operating characteristic curves were plotted to
identify the diagnostic value of the three variables to predict LN
metastases. As shown in Figure 3, CNV gave the best
performance for the prediction of LN metastasis. The order of
these three variables to predict LN metastasis was CNV followed
by tumor size followed by BRAF. The area under the curve
(AUC) of CNV was 0.733 (95% CI 0.574 to 0.892), which was
higher than that of tumor size (AUC 0.668, 95% CI 0.496 to
0.840) and BRAF (AUC 0.534, 95% CI 0.352 to 0.715) for all
patients In addition, as shown in Table 6, the prediction
performance is significantly higher than that of BRAF (p=0.015).

A binary logistic regression model was established to
evaluate the effects of CNV, BRAF mutation, and tumor size
on LN metastasis in patients with PTC. As shown in Table 7, the
final logistic model was statistically significant. The model could
correctly classify 72.5% of the subjects. Sensitivity and specificity
were 57.1% and 89.5%, respectively. The positive predictive
value and negative predictive value were 85.7% and 65.4%,
respectively. Among the three independent variables included

Gender
Age
TIRADS
BSRTC
BRAF V600E
UCAD

vvyvyV VVVII

.........................

FIGURE 2
Overview of genetics changes and patient characterizations.

Frontiers in Endocrinology

in the model, CNV and tumor size were statistically significant,
and their ORs were 14.122 (95% CI 2.099 to 95.35) and 6.624
(95% CI 1.088 to 36.073), respectively.

Variations in copy number correlated
with lymph node metastasis in papillary
thyroid microcarcinoma

We further classified PTC into three molecular subtypes
based on the mutation of CNV and BRAF: 1) CNV positive
(CNV+), 2) CNV negative (CNV-) and BRAF positive (BRAF+),
and 3) CNV- and BRAF negative (BRAF-).

As shown in Table 8, for PTMC with a tumor size< 5 mm,
LN metastasis was identified in four (100%) CNV+ patients but
was not identified in CNV- patients (OR > 10, p = 0.001). For
PTMC with a tumor size > 5 mm, LN metastasis was found in
eight (80.0%) CNV+ patients and in seven (63.6%) CNV- and
BRAF+ patients (OR 2.283, p = 0.635).

In summary, copy number variations and a tumor size > 5 mm
could predict high-risk PTC with LN metastasis risk, whereas BRAF
mutation showed no prediction value for LN metastases.

Discussion

Thyroid nodules have become a common clinical problem,
and differentiated thyroid cancer is becoming more and more
prevalent (5). The differential diagnosis of thyroid nodules and
the risk stratification of malignancy require multidisciplinary
expertise, including local ultrasound practice and specific FNA
cytology (22). Even in this multidisciplinary setting, some of the

FFFFFFFMMFFFFFFFFFFFFFFFFMMFMFFFFFMFFFFFMrFMMFrrFrMrrrMFrrrF

57 36 72 42 36 67 36 44 25 31 41 63 36 63 18 51 39 50 46 68 55 31 44 38 39 26 62 40 S0 48 52 43 29 36 65 48 S8 58 31 S0 29 26 45 25 62 56 49 S8 53 31 S1 62 37 66 54 52 29 66
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TABLE 4 The addition of washout copy number profiling increases
cancer detection sensitivity.

Group Event Frequency (%)

This study BRAF"*"F or SCNA 62.1
BRAFY%E 55.2
Washout SCNA 29.3

TCGA BRAF"*"’F or SCNA 65.1
BRAFV*E 58.0
Washout SCNA 16.1

cytopathological results of FNA are still undetermined as benign
or malignant (23). However, there is growing evidence that this
limitation can be overcome by using molecular diagnostic
methods through comprehensive genomic analysis (11). There
is, however, no suitable biomarker to indicate the malignant
degree of thyroid cancer and so it is of great clinical significance
to find biomarkers with high specificity and sensitivity to
establish a rapid, economic and reliable detection technology.

Molecular diagnosis of FNA is an important complement to
FNA cytology; it can significantly reduce unnecessary surgery
and help to better determine whether or not surgery is required
for thyroid nodules in patients with uncertain FNA cytology. For
example, the greatest benefit has come from the use of BRAF
mutations in the diagnosis of malignancies, as BRAF mutations
are highly specific for malignancies when detected using well-
validated techniques (24). However, more than 10% of thyroid
cancers are wild-type BRAF, and these tumors may be more
aggressive, as they have been reported to harbor chromosomal
aberrations (25).

In this study, 58 thyroid FNA biopsy samples were analyzed
using LC-WGS, and chromosomal changes and BRAF"*"F
mutations were identified. We found a coincidence rate of
93.1% between BRAF mutations detected in wDNA using this
technique and the results of routine clinical tests. Furthermore,
we found that an additional three (5.1%) patients were identified

10.3389/fendo.2022.888072

E .
FV0F mutations

as wild-type BRAF in routine tests, but BRA
were identified using LC-WGS profiling. Combination genetic
testing can improve the detection rate of BRAF mutations.

The treatment of low-risk PMTC (T1aNOMO) has become a
major clinical problem in recent years. Although many AS clinical
trials for low-risk PTMC have reported favorable outcomes, not all
PTMCs are suitable for AS (26). According to the current AS
guidelines for PTMC, indications include the presence of LN
metastases or distant metastases, aggressive subtypes, and
suspected invasion of important structures in the neck (recurrent
laryngeal nerve or trachea). Tumors located near these structures
should be treated immediately with surgery. Among these tumors,
cervical LN metastasis is a risk factor for an increased rate of
recurrence in patients with PTMC (27). There are many factors for
central LN metastasis of PTMC, including age, tumor diameter, and
thyroid capsule invasion (28). Potential central LN metastases have
been found to occur in the early stage of PTMC, especially in the
central region (29). Central LN dissection may increase the risk of
recurrent laryngeal nerve and parathyroid gland injury, and these
complications are often the main factors in medical disputes (30,
31). Furthermore, this discomfort can have a huge impact on the
patient’s subsequent quality of life and mental health. Hence, a
correct preoperative evaluation is important in deciding whether or
not to perform prophylactic central LN dissection (32). So far, there
is no effective biomarker for the preoperative evaluation of
LN metastases.

In this study, we determined that CNV was significantly
associated with LN metastasis in PTC, but BRAF was not,
especially for PTMC < 5 mm. As shown in Table 8, LN
metastases were confirmed after surgery in all four patients
with positive CNV. Among these patients, a patient with a
TIRADS score of 4B and a BSRTC score of II who did not
receive timely surgical intervention was, on subsequent surgery,
confirmed to have PTMC with LN metastasis. Among CNV-
patients, none underwent surgery or developed LN metastasis.
In addition, we followed up two patients who were CNV- and
BRAF+ without surgery for 14 and 18 months, respectively, and

TABLE 5 The correlation between CNV, BRAF and tumor size with LN metastasis of PTC.

N stage, n (%)

NO N1
CNV CNV- 17 9 (34.6)
CNV+ 2 12 (85.7)
BRAF (mutation) BRAF- 4 3 (42.9)
BRAF+ 15 18 (54.8)
Size (mm) <5 10 4 (28.6)
>5 9 17 (65.)
ETE Negative 18 19 (51.4)
Positive 1 2 (66.7)

CNV, copy number variation; ETE, extrathyroidal extension.
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Total (n) OR (95% CI) p-value
26 11.33 (2.07 to 62.11) 0.002
14
7 1.6 (0.31 to 8.30) 0.689
33
14 4.72 (115 to 19.41) 0.026
26
37 1.90 (0.16 to 22.75) 0.614
3
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FIGURE 3

Genomic classifier to predict lymph node metastasis risk. ROC of CNV, BRAF, and tumor size of lymph node prediction in all surgical patients

(n = 40). ROC, receiver operating characteristic; AUC, area under curve.

found no abnormalities. These findings suggest that patients
with PTMC< 5 mm are at a higher risk of LN metastasis if CNV
is positive, whereas CNV - patients belong to a low-risk subtype
and AS can be used instead of surgery.

Furthermore, in this study, tumor size was found to be a risk
factor for LN metastasis in PTC (OR = 4.72). For PTMC < 5 mm,
the incidence of LN metastasis was 28.6%. In the absence of CNV+,
there is no evidence of LN metastasis. However, in our study, when
the tumor size was > 5 mm, the proportion of LN metastasis
increased significantly (65.3%). LN metastasis tended to occur
independently of CNV (Table 5). These results were consistent
with previous reports on the relationship between tumor size and
LN metastasis. For example, in a retrospective cohort study, central
LN metastases were found to be associated with tumor size
(> 5 mm) but not with the BRAF mutation (33).

Genomic instability, generally considered to be a promoter of
solid tumor progression, usually occurs in three forms:
microsatellite instability, aneuploidy, or intrachromosome
instability (34). Although much is known about the underlying
mechanisms of microsatellite instability and aneuploidy, less is
known about the molecular basis of intrachromosome instability

TABLE 6 CNV, BRAF, and tumor size in predicting lymph node metastasis.

AUC(95%CI) TN TP EN FP PPV (%)
CNV 0.733 (0.574 to 0.892) 17 12 9 2 85.7
BRAF 0.534 (0.352 to 0.715) 4 18 3 15 54.5
Size 0.668 (0.496 to 0.840) 10 17 4 9 65.4

(35). In fact, it now appears that intrachromosomal instability can
be subdivided into several independent forms, each of which may
have its own molecular origin, which is evident when different
analytical methods are used (36). In this study, we clarified features
of genomic instabilities described in thyroid carcinomas. As shown
in Figure 2, 14 out of 58 (24.1%) cases presented chromosome
instability detected by LC-WGS, including chromosome 22q loss,
chromosome 17p loss, and chromosome 1q gain. Most patients
with positive CIN underwent surgery and were confirmed as having
thyroid cancer by postoperative pathology.

Frequent allelic deletions of, for example, chromosome 22q
could suggest genetic areas to be evaluated to detect the presence
of suppressor genes associated with follicular thyroid cancer
(37). The consistency of the Ch22q deletion pattern in PTC
suggests that this genetic lesion may represent a distinct
subgroup of these tumors. The consistency of the chromosome
22q deletion pattern in PTC suggests that the genetic lesion may
represent a unique subtype of these tumors.

In this context, it should be noted that a large number of
Chr22q deletions are associated with tumor aggressiveness and a
distinct subtype of malignant follicular carcinoma and,

NPV (%)  Sensitivity (%)  Specificity (%)  Accuracy (%)
653 57.1 89.5 72.5
57.1 85.7 21.1 55
714 81 526 67.5

AUC, area under curve; TN, true negative; TP, true positive; FN, false negative; FP, false positive; PPV, positive prediction value; NPV, negative prediction value. CNV vs. BRAF, p=0.015.
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TABLE 7 Binary logistic regression model for LN metastasis in PTC.

10.3389/fendo.2022.888072

N stage predicted Percentage correct

NoO N1
N stage observed No 17 2 89.5
N1 9 12 57.1
Overall percentage 72.5
Variables in the equation.
B SE Wald df Sig. OR (95% CI)
CNV 2.648 0.973 7.41 1 0.006 14.122 (2.099 to 95.035)
Size 1.835 0.893 4.22 1 0.040 6.264 (1.088 to 36.073)
Constant -1.908 0.825 5.345 1 0.021 0.148
Binary logistic regression model for LN metastasis.
B, regression coefficient beta; SE, standard error; Wald, Wald chi-square value; df, degree of freedom; Sig., significance, p value.
TABLE 8 Association of three molecular subtypes with LN metastasis of PTC.
LN size CNV+ CNV- and BRAF+ CNV- and BRAF- OR (95% CI) p-value
<5mm
NoO 0 9 1 a 0.001
N1 4 0 0 (CNV+ vs. CNV- and BRAF+) 0.001
> 5 mm
NoO 2 4 3 2.283 (0.316 to 16.393) 0.366
N1 8 7 2 (CNV+ vs. CNV- and BRAF+) 0.635
All sizes
NoO 2 13 4 11.1 (1.92 to 66.67) 0.006
N1 12 7 2 (CNV+ vs. CNV- and BRAF+) 0.003

therefore, may indicate a precursor lesion. However, we were
unable to associate any clinical or pathological parameters with
specific CNV populations, other than the statistically significant
association between chromosome 22q deletion groups and
young age. It is worth noting that these two wild-type BRAF
PTCs support the notion that PTCs can broadly belong to
follicular or papillary neoplasms, each with different molecular
and clinical characteristics.

Taken together, in the study, LC-WGS detected CNV and
BRAF mutation status of FNA wDNA. We found that the
detection of the CNV and BRAF mutation increased the
sensitivity of FNA. In addition, CNV has a significant
correlation with LN metastasis of PTC, especially for
PTMC< 5 mm, which is of clinical significance. We also found
that tumor size was a risk factor for LN metastasis. Therefore, we
conclude that CNV and a larger tumor (ie. > 5 mm) are risk
factors for PTC LN metastases. CNV detection can be used for
the preoperative risk stratification of PTC.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession

Frontiers in Endocrinology

09

number(s) can be found in the article/Supplementary Material. The
raw sequence and processed data fles are available through the
National Omics Data Encyclopedia database (https://www.biosino.
org/node/search) with accession number OEP003680.

Ethics statement

The studies involving human participants were reviewed and
approved by the Institutional Ethics Committee of Wenzhou
Hospital of Integrated Traditional Chinese and West Medicine
of Zhejiang Province. The patients/participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s), and
minor(s)’ legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article.

Author contributions

LW, YZ, YG, RX, JC, WC, MZ, KS, CC, GH, XZ, and LZ
participated in the design of the study and performed the
statistical analysis; LW, YZ, ZQ, and S-rS drafted the
manuscript. All authors read and approved the final manuscript.

frontiersin.org


https://www.biosino.org/node/search
https://www.biosino.org/node/search
https://doi.org/10.3389/fendo.2022.888072
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wu et al.

Funding

Major science and technology projects of Wenzhou science
and Technology Bureau grant number: ZY2021008.

Conflict of interest

Authors LZ and XZ were employed by Suzhou Hongyuan
Biotech Inc. and Hangzhou Catcher Bio Inc. Author ZQ was
employed by Suzhou Hongyuan Biotech Inc. and Prophet
Genomics Inc.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer |
Clin (2021) 71(1):7-33. doi: 10.3322/caac.21654

2. Sutherland R, Tsang V, Clifton-Bligh R], Gild ML. Papillary thyroid
microcarcinoma: Is active surveillance always enough? Clin Endocrinol (2021) 95
(6):811-7. doi: 10.1111/cen.14529

3. Tto Y, Miyauchi A, Oda H. Low-risk papillary microcarcinoma of the thyroid:
A review of active surveillance trials. Eur ] Surg Oncol ] Eur Soc Surg Oncol Br Assoc
Surg Oncol (2018) 44(3):307-15. doi: 10.1016/j.€js0.2017.03.004

4. Baloch ZW, LiVolsi VA. Pathologic diagnosis of papillary thyroid carcinoma:
today and tomorrow. Expert Rev Mol Diagn (2005) 5(4):573-84. doi: 10.1586/
14737159.5.4.573

5. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, et al.
American Thyroid association management guidelines for adult patients with thyroid
nodules and differentiated thyroid cancer: The American thyroid association guidelines
task force on thyroid nodules and differentiated thyroid cancer. Thyroid Off ] Am Thyroid
Assoc (2015) 26(1):1-133. doi: 10.1089/thy.2015.0020

6. Chinese Association for Thyroid Cancer(CATO). Chinese Consensus statement on
diagnosis and treatment of papillary thyroid microcarcinoma (2016 version). Chin J Clin
Oncol (2016) 43(10):405-11. doi: CNKI:SUN:ZGZL.0.2016-10-001

7. Gharib H, Goellner JR. Fine-needle aspiration biopsy of the thyroid: an
appraisal. Ann Internal Med (1993) 118(4):282-9. doi: 10.7326/0003-4819-118-4-
199302150-00007

8. LinJD, Huang BY, Weng HF, Jeng LB, Hsueh C. Thyroid ultrasonography with fine-
needle aspiration cytology for the diagnosis of thyroid cancer. J Clin Ultrasound JCU (1997)
25(3):111-8. doi: 10.1002/(SICL)1097-0096(199703)25:3<111:AID-JCU3>3.0.CO2-]

9. Kim DW, Park AW, Lee EJ, Choo HJ, Kim SH, Lee SH, et al. Ultrasound-
guided fine-needle aspiration biopsy of thyroid nodules smaller than 5 mm in the
maximum diameter: assessment of efficacy and pathological findings. Korean ]
Radiol (2009) 10(5):435-40. doi: 10.3348/kjr.2009.10.5.435

10. Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli L, Baloch ZW. The
Bethesda system for reporting thyroid cytopathology: a meta-analysis. Acta Cytol
(2012) 56(4):333-9. doi: 10.1159/000339959

11. Xing M, Haugen BR, Schlumberger M. Progress in molecular-based
management of differentiated thyroid cancer. Lancet (2013) 381(9871):1058-69.
doi: 10.1016/S0140-6736(13)60109-9

12. Rashid FA, Munkhdelger ], Fukuoka J, Bychkov A. Prevalence of BRAF
(V600E) mutation in Asian series of papillary thyroid carcinoma-a contemporary
systematic review. Gland Surg (2020) 9(5):1878-900. doi: 10.21037/gs-20-430

13. Xing M, Clark D, Guan H, Ji M, Dackiw A, Carson KA, et al. BRAF
mutation testing of thyroid fine-needle aspiration biopsy specimens for
preoperative risk stratification in papillary thyroid cancer. J Clin Oncol Off ] Am
Soc Clin Oncol (2009) 27(18):2977-82. doi: 10.1200/JC0O.2008.20.1426

14. Bakhoum SF, Cantley LC. The multifaceted role of chromosomal instability in
cancer and its microenvironment. Cell (2018) 174(6):1347-60. doi: 10.1016/
j.cell.2018.08.027

Frontiers in Endocrinology

10

10.3389/fendo.2022.888072

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary Material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2022.888072/
full#supplementary-material

15. Heng HH, Bremer SW, Stevens JB, Horne SD, Liu G, Abdallah BY, et al.
Chromosomal instability (CIN): what it is and why it is crucial to cancer evolution.
Cancer Metastasis Rev (2013) 32(3-4):325-40. doi: 10.1007/s10555-013-9427-7

16. Kunstman JW, Juhlin CC, Goh G, Brown TC, Stenman A, Healy JM, et al.
Characterization of the mutational landscape of anaplastic thyroid cancer via whole-
exome sequencing. Hum Mol Genet (2015) 24(8):2318-29. doi: 10.1093/hmg/ddu749

17. Yoo SK, Song YS, Lee EK, Hwang J, Kim HH, Jung G, et al. Integrative analysis of
genomic and transcriptomic characteristics associated with progression of aggressive
thyroid cancer. Nat Commun (2019) 10(1):2764. doi: 10.1038/s41467-019-10680-5

18. Greene SB, Dago AE, Leitz L], Wang Y, Lee ], Werner SL, et al.
Chromosomal instability estimation based on next generation sequencing and
single cell genome wide copy number variation analysis. PloS One (2016) 11(11):
€0165089. doi: 10.1371/journal.pone.0165089

19. Scheinin I, Sie D, Bengtsson H, van de Wiel MA, Olshen AB, van Thuijl HF, et al.
DNA Copy number analysis of fresh and formalin-fixed specimens by shallow whole-
genome sequencing with identification and exclusion of problematic regions in the
genome assembly. Genome Res (2014) 24(12):2022-32. doi: 10.1101/gr.175141.114

20. Zeng S, Ying Y, Xing N, Wang B, Qian Z, Zhou Z, et al. Noninvasive
detection of urothelial carcinoma by cost-effective low-coverage whole-genome
sequencing from urine-exfoliated cell DNA. Clin Cancer Res Off ] Am Assoc Cancer
Res (2020) 26(21):5646-54. doi: 10.1158/1078-0432.CCR-20-0401

21. Seshan VE, Olshen A. DNAcopy: DNA copy number data analysis. (2013).
R package version 1.62.0. Available from: https://bioconductor.org/packages/
release/bioc/html/DNAcopy.html.

22. Gharib H, Papini E, Garber JR, Duick DS, Harrell RM, Hegediis L, et al.
AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS,
AMERICAN COLLEGE OF ENDOCRINOLOGY, AND ASSOCIAZIONE
MEDICI ENDOCRINOLOGI MEDICAL GUIDELINES FOR CLINICAL
PRACTICE FOR THE DIAGNOSIS AND MANAGEMENT OF THYROID
NODULES-2016 UPDATE. Endocrine Pract Off ] Am Coll Endocrinol Am Assoc
Clin Endocrinol (2016) 22(5):622-39. doi: 10.4158/EP161208.GL

23. Cibas ES, Ali SZ. The 2017 Bethesda system for reporting thyroid cytopathology.
Thyroid Off ] Am Thyroid Assoc (2017) 27(11):1341-6. doi: 10.1089/thy.2017.0500

24. Frasca F, Nucera C, Pellegriti G, Gangemi P, Attard M, Stella M, et al. BRAF
(V600E) mutation and the biology of papillary thyroid cancer. Endocrine-related
Cancer (2008) 15(1):191-205. doi: 10.1677/ERC-07-0212

25. Iwadate M, Mitsutake N, Matsuse M, Fukushima T, Suzuki S, Matsumoto Y,
et al. The clinicopathological results of thyroid cancer with BRAFV600E mutation
in the young population of fukushima. J Clin Endocrinol Metab (2020) 105(12):
€4328-36. doi: 10.1210/clinem/dgaa573

26. Sugitani I, Ito Y, Takeuchi D, Nakayama H, Masaki C, Shindo H, et al.
Indications and strategy for active surveillance of adult low-risk papillary thyroid
microcarcinoma: Consensus statements from the Japan association of endocrine
surgery task force on management for papillary thyroid microcarcinoma. Thyroid
Off ] Am Thyroid Assoc (2021) 31(2):183-92. doi: 10.1089/thy.2020.0330

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.888072/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.888072/full#supplementary-material
https://doi.org/10.3322/caac.21654
https://doi.org/10.1111/cen.14529
https://doi.org/10.1016/j.ejso.2017.03.004
https://doi.org/10.1586/14737159.5.4.573
https://doi.org/10.1586/14737159.5.4.573
https://doi.org/10.1089/thy.2015.0020
https://doi.org/CNKI:SUN:ZGZL.0.2016-10-001
https://doi.org/10.7326/0003-4819-118-4-199302150-00007
https://doi.org/10.7326/0003-4819-118-4-199302150-00007
https://doi.org/10.1002/(SICI)1097-0096(199703)25:3%3C111::AID-JCU3%3E3.0.CO;2-J
https://doi.org/10.3348/kjr.2009.10.5.435
https://doi.org/10.1159/000339959
https://doi.org/10.1016/S0140-6736(13)60109-9
https://doi.org/10.21037/gs-20-430
https://doi.org/10.1200/JCO.2008.20.1426
https://doi.org/10.1016/j.cell.2018.08.027
https://doi.org/10.1016/j.cell.2018.08.027
https://doi.org/10.1007/s10555-013-9427-7
https://doi.org/10.1093/hmg/ddu749
https://doi.org/10.1038/s41467-019-10680-5
https://doi.org/10.1371/journal.pone.0165089
https://doi.org/10.1101/gr.175141.114
https://doi.org/10.1158/1078-0432.CCR-20-0401
https://bioconductor.org/packages/release/bioc/html/DNAcopy.html
https://bioconductor.org/packages/release/bioc/html/DNAcopy.html
https://doi.org/10.4158/EP161208.GL
https://doi.org/10.1089/thy.2017.0500
https://doi.org/10.1677/ERC-07-0212
https://doi.org/10.1210/clinem/dgaa573
https://doi.org/10.1089/thy.2020.0330
https://doi.org/10.3389/fendo.2022.888072
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wu et al.

27. Wu X, Li B, Zheng C, He X. Risk factors for central lymph node metastases in
patients with papillary thyroid microcarcinoma. Endocrine Pract Off ] Am Coll Endocrinol
Am Assoc Clin Endocrinol (2018) 24(12):1057-62. doi: 10.4158/EP-2018-0305

28. Sheng L, ShiJ, Han B, Lv B, Li L, Chen B, et al. Predicting factors for central
or lateral lymph node metastasis in conventional papillary thyroid microcarcinoma.
Am J Surg (2020) 220(2):334-40. doi: 10.1016/j.amjsurg.2019.11.032

29. Cheah WK, Arici C, Ituarte PH, Siperstein AE, Duh QY, Clark OH.
Complications of neck dissection for thyroid cancer. World J Surg (2002) 26
(8):1013-6. doi: 10.1007/s00268-002-6670-4

30. Dismukes J, Fazendin J, Obiarinze R, Marquez GCH, Ramonell KM, Buczek
E, et al. Prophylactic central neck dissection in papillary thyroid carcinoma: All
risks, no reward. J Surg Res (2021) 264:230-5. doi: 10.1016/j.js5.2021.02.035

31. Giordano D, Frasoldati A, Gabrielli E, Pernice C, Zini M, Castellucci A, et al.
Long-term outcomes of central neck dissection for cNO papillary thyroid carcinoma.
Am ] Otolaryngol (2017) 38(5):576-81. doi: 10.1016/j.amjot0.2017.06.004

32. Liu Y, Lv H, Zhang S, Shi B, Sun Y. The impact of coexistent hashimoto's
thyroiditis on central compartment lymph node metastasis in papillary thyroid
carcinoma. Front Endocrinol (2021) 12:772071. doi: 10.3389/fend0.2021.772071

Frontiers in Endocrinology

11

10.3389/fendo.2022.888072

33. Zhang Q, Wang Z, Meng X, Duh QY, Chen G. Predictors for central lymph
node metastases in CNO papillary thyroid microcarcinoma (mPTC): A
retrospective analysis of 1304 cases. Asian ] Surg (2019) 42(4):571-6. doi:
10.1016/j.asjsur.2018.08.013

34. Stoler DL, Nowak NJ, Matsui S, Wiseman SM, Chen N, Dutt SS, et al.
Comparative genomic instabilities of thyroid and colon cancers. Arch Otolaryngol-
head Neck Surg (2007) 133(5):457-63. doi: 10.1001/archotol.133.5.457

35. Kitamura Y, Shimizu K, Tanaka S, Ito K, Emi M. Allelotyping of anaplastic
thyroid carcinoma: frequent allelic losses on 1q, 9p, 11, 17, 19p, and 22q. Genes
Chromosomes Cancer (2000) 27(3):244-51. doi: 10.1002/(SICI)1098-2264(200003)
27:3<244:AID-GCC4>3.0.CO;2-7

36. Caria P, Vanni R. Cytogenetic and molecular events in adenoma and well-
differentiated thyroid follicular-cell neoplasia. Cancer Genet Cytogenet (2010) 203
(1):21-9. doi: 10.1016/j.cancergencyto.2010.08.025

37. Kitamura Y, Shimizu K, Ito K, Tanaka S, Emi M. Allelotyping of follicular
thyroid carcinoma: frequent allelic losses in chromosome arms 7q, 11p, and
22q. J Clin Endocrinol Metab (2001) 86(9):4268-72. doi: 10.1210/
jcem.86.9.7853

frontiersin.org


https://doi.org/10.4158/EP-2018-0305
https://doi.org/10.1016/j.amjsurg.2019.11.032
https://doi.org/10.1007/s00268-002-6670-4
https://doi.org/10.1016/j.jss.2021.02.035
https://doi.org/10.1016/j.amjoto.2017.06.004
https://doi.org/10.3389/fendo.2021.772071
https://doi.org/10.1016/j.asjsur.2018.08.013
https://doi.org/10.1001/archotol.133.5.457
https://doi.org/10.1002/(SICI)1098-2264(200003)27:3%3C244::AID-GCC4%3E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1098-2264(200003)27:3%3C244::AID-GCC4%3E3.0.CO;2-7
https://doi.org/10.1016/j.cancergencyto.2010.08.025
https://doi.org/10.1210/jcem.86.9.7853
https://doi.org/10.1210/jcem.86.9.7853
https://doi.org/10.3389/fendo.2022.888072
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Washout DNA copy number analysis by low-coverage whole genome sequencing for assessment of thyroid FNAs
	Introduction
	Methods
	Patient characteristics and ethics statement
	DNA extraction
	Low-coverage whole genome sequencing
	BRAFV600E amplification refractory mutation system assay
	Statistical analyses and data visualization

	Results
	Patient characteristics
	Cytology reports of fine needle aspirations
	Pathological reports
	Washout cells showed high-consistency BRAFV600E mutations status with matched tissue
	Washout cells showed copy number variations
	The adding of washout copy number variations profiling increased detection sensitivity
	Variations in copy number and tumor size correlated with lymph node metastasis in papillary thyroid carcinoma
	Variations in copy number correlated with lymph node metastasis in papillary thyroid microcarcinoma

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


